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(54) SUPEREXPANSIVE ROTARY ENGINE 

(57) A rotary engine is disclosed having a rotor and 
rotor housing. The rotor rotates within an Inner wall of 
the rotor housing. A gap between the rotor and the inner 
wall of the rotor housing defines an engine compart* 
ment. A plurality of telescopic sealing blades are 
attached si4)starTtially equally spaced on the circumfer- 
ence of said rotor so that the sealing blades etastically 
contact 10 the inner wall of the rotor housing. The plural- 
ity of telescopic sealing blades slide along the inner wall 
of the rotor housing. The sealing blades separate the 



engine chamber in an airtight manner so that the suc- 
tion of fuel gas. Its succeeding compression and the 
exhaust of burnt gas are carried out. The engine has a 
compression chamber and an expansion chamber, 
defined by two adjacent sealing IMades. respectively. In 
an overexpansion rotary engine, a volume of the expan- • 
slon chamber is greater than a volume of the compres- 
sion chamber. 
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Description 

FIELD OF THE INVENTION 



10001] This invention relates to an internal combustion engine wtiich can provide a high ennne torque outDul even 
at a lower engine rotation state, and in particular to an overexpansion rotary engine, wherein a maximum volurne of the 
expansion charnber IS greater than a maxirnuni volunie of the conpression chamber. 

BACKGROUND OF THE INVENTION 

. [00021 ^ m general, there are two types of internal combustion engines, one being a reciprocating engine in which a 
piston pertorms linear sUokes. and the other being a rotary engine in wWch the piston performs rola« motiba T^ 

tSZ^he' roto.'' ' """"^ ^ '^'^ ' '^"9 aLnmbdating 

lOOOSJ FIG 6 shows one en*ocJiment of the rotary er^gme according to this invention by the cross section view 
tal»en along a plane perpendicular to an engine output rotary shaft 10. A column- like rotor 12 is fixedly attached to the 

rotary shattlO.Thermor 12 is adaptedlorotate around the axis of the rotary shaft 10 together therewith inthedir^^ 
shown by an aaov. 11, insrie a rotor housing 13 which is provided with a large number of outside radiator fins 14 The 
output rotary shaH 10 is rotatably supported through suitable airtight bearing means (not shown), and the both sidepor- 
f«ns of the rotor 12 contact the inner side surfaces of the rotor housing in an airtight condition. As is shown, the rotor 
housing 13 has an inner wall defining an internal engine compartment within which the rotor 12 is rotated The circum- 
ference of the rotor 12 a the circumference face of the rotation locus of the rotor 12 faces to the inner waB of the rotor 
noustriQ 13. 

I0004J In FIG. 6. the rotor 12 describes the cylindrical rotation locus of radius r. and along Hs circumference eight 
^^c^ sealing blades 15(15-1. 15-2. 1S3, 15-4. 15-5. 15-6. 15-7 and 1^8)whk:hwil.b7describedin d^-hX 
matter are positioned at an equally spaced relationship. These sealing blades 15 are elastically attached to the rotor 12 
through respective spring means 16 (16-1. 16-2. 1M. 16-4, 16-5, 16-6, 16-7 and 16-8) so that the reTp«;ti;re sSina 
blades can be elasfically biased toward the inner wall surface of the rotor housing 13. The sealing blades themselves 
can elongate and shorten. During a re^jlution of the rotor 12. the seaDng blades 15 sBde alona the inner wall smlaeo 
TtLTiir.'.r'"' Tu^i'"'^ ^'"^^ '^""'"^ eightlpartmenfafe^TZSriS^ 
XSLt^ 3 ThTr^™ '^^^^ "T' ""^'^ by "he rofor 12 and the^er wall of the loS 

17-4, 17-5. 17-6. 17-7 and 17-8). TWsraising. 
? . ^'^^^ pressorefeceiving surface as will be described in detail hereinafter 

fL • H. '''^ '""^^ ^"^'"^ ^- 3 s«3Jing blade passed through a suction port 20 

provided m the rota housing 1 3 and until a next sealing Wade passes m^^^^ 

rotaMP "^^t^^P'^^'e IS produced at the side of the first sealing blade downstream in the rotating direction of th^ 
ofor 12. fuel mixture is sud^ed up through the suction port 20 into the engine compartment defined S the aboveme^ 

f^JI^» .hf ^ ^ "^J^ " ^"^"""^ '^'"'"9 engine cydefe 

K T""^"^ "^""9 passed through the suction port 20. Then the fuel rrtxture 

wh«h has been sucked and aCcommcdafed between these two sealing blades in thrsudion Jr^ne VZ^m^ 
prised during the following engine compression cyde. This conpression is carried out by the faSThaTSTeJea^S 
blades graduaDy conuacl in the radial direction as the rotor 12 rotates, that is. during this compression^^ as tS 
^^^ J'"!^!'"'^"^'''^'^''""''' gradually inserted into the rotor 12 by the Lng^^ 
of the rotor housing 13 to decrease the volume of the sucked and accommodated fuet n*Le 
10006] For example, in the condition shown in FIG 6. after the sealing blade 15-6 rotated bv a little deoree and 
j«ssedthrcx.ghthe^ctionpor.20.themixturegasofai^ . 
the sealing blade 15-6 and the preceding sealing blade 1 5-7 is gradually compressed since the *te^brt^eJ1S 
inner surface secbon 21 of the rotor housing 13 and the axis of the rotor 12 is graduatty decreased ITe poSZi^taS 

ISi^toSr^hKr^ir?"^^^^ 

SThe sSi^^o? T '^""'^ ^^""8 "^"^ P<«'««"«' on this arc section 

fore the mixture ts compressed to the maximum level 

Shefue/irrj;L°"ll^'""^ 15-2 arein the maximum compression 

state, the fuel mixture therebetween exists substantially within the notch 17-1 between these sealing blades in the max- 

gas pressure produced by the ignitioncombustion is convened into rotational energy for the rotor 1 2 with high efficiency. 
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The respective notch 17 of the rotor 12. which mainly forms the comtxistbn engine chamber, is provided with the 
above-mentioned raising-up portion in order to provide effective energy conversion of the pressure of burnt gas inlo 
rotational energy. Therefore, the raising-up portion of the notch 17 acts as a combustion gas pressure- receiving portion. 
Preferably, the spark plug 23 is positioned adjacently to the raising-up portion of the notch at the time of the explosion. 

5 [0008] Where, surface of the notch is constructed so that it receives the burnt gas blast at a right angle. This means 
includes a blast guide hole 42 formed in the rotor housing inner wall portion 22 and which opens to the engine combus- 
tion chamber. This means also includes a sparking plug 23 mounted at the end 43 at which the blast guide hole is ter- 
minated. The length of the blast guide hole 42 from the end thereof to the position of the hole opening from which the 
blast goes out must be enough for the blast to be directed along the one direction! 

w 10009] Also. H is possible to obtain the burnt gas blast directed along one direction with the blast guide hole 42 hav- 
ing rts smaller length. To this end. the shape of the end 43 of the blast guide hole 42 at which the spark plug 23 is 
mounted is made to a parabolic shape or a shape similar thereto, of which focal point is positioned sutxslantially to the 
sparking point of the sparking plug 43. As a result, blast produced by the ignition of the spark plug 23 is guided effec- 
tively within the hole 42 in the arrow direction 44, and collided with the burnt gas pressure-receiving surface of the 

J5 notch. H is preferable that. the direction 44 of the blast is perpendicular to the bumt gas pressure-receiving surface. This 
arrangement provides higtier efficient rotary force for the rotor The blast guide hole 42 may have any aoss-sectional 
shape as long as it can guide the blast and determine the direction thereof. 

[001 01 After an advanced sealing blade came into the arc section and then a following notch comes into the arc sec- 
tion, filling of fuel gas between this advanced sealing blade and the next sealing blade into the notch sarxfwiched 
20 between these sealing blades is started. As the advanced sealing blade slides along the arc section of the inner wall of 
the rotor housing, the pressure of the fuel mixture is fficreased gradually. When the advanced sealing blade is posi- 
tioned at the'left end of the arc section and the succeeding sealing blade is at the right end of the arc section (the illus- 
trated condition by sealing blades 15-2 and 15-1 in FIG. 6), the pressure of the fuel mixture becomes the maximum 
level, and at that time, ignition by means of a spark plug 23 is executed. At the time, the space of the notch 1 7-1 which 
?5 is in the illustrated position in FIG. 6 constitutes an engine combustion compartment. 

(001 1) The circumferential length of the arc section 22 is preferably selected to be sfightly larger than the angular 
distance between the two adjacent sealing blades (15-1 and 15-2). In this invention, it is preferable that the radius of the 
rotation of the rotor 12 is substantially equal to the radius of the circular arc section of the inner wall of the rotor housing 
13. As a result tlie sealing blades positioned on the arc section are pushed In to the level of the surface of the rotor. 
When the two adjacent sealing blades are in the shortened condition shown by the sealing blades 15-2. 15-1 in FIG. 6, 
surface seals are formed between the positions on ibe rotor around the two respective sealing blades and the cone- 
spending engaged portions on the inner wall of the rotor housing. This arrangement avoids problems relating to emis- 
sion of unburned hydrocarbons resulting from large crevice volumes created by the prior art apex seals. 
[001 2] In FIG. 6. burnt gas produced by the explosive combustion of the fuel mixture within the combustion engine 
55 chamber is diffused speedily within a pressure diffusion engine chamber, whereby the rotation of the rotor 12 is made 
more effective. During the comtxjstton gas pressure diffusing cycle of the engine, the preceding sealing Wade 15-2 
starts to expand quickly from the illustrated exptosion position so that the volume defined by the sealing blades 15-2. 
15-1 and the inner wall 26 of the rotor housing 13 is correspondingly increased. When and after the preceding seaHng 
blade 1 5-2 passed through a combustbn gas exhaust port 24, the combustion gas is exhausted through the exhaust 
40 pon 24. The exhaust cyde continues until the foAowing sealing blade 1 5-1 has passed through the exhaust port 24. 
jOOl 3) It should be appreciated from the above-mentioned explanation of the constructiori and operation that duiring 
a revolution of the rotor 12, the Ignition (that is, the explosion) is carried out by a number of the notches (that is. a 
number of the sealing trfades) provided on the rotor 12. That is to say. it is apparent that in this invention, the sequence 
of the intake, compression, explosion and exhaust engine cycles is executed repeatedly by a number of the sealing 
45 fcilades of the rotor 12 during one revolution of the rotor. 

[001 4J FIG. 7 shows a theoretical explanabon view of the prior art rotary jet eiigine. This rotary jet engine is pro- 
vided with eight sealing blades 15-1 to 15-8 which are attached on the rotor 12 in the above-mentioned manner and . 
eight notches 17-1 to 17-8 between two adjacent sealing blades which are provided ffi the rotor 12 in the above-men- 
tioned manner. The operation and function of these sealing blades and notches are the same as those in FIG B. The 
50 rotor 12 is rotataWy supported wHhin the rotor housing 13. which may be cooled in a well-known manner. 

[0015] In Fla 7. when a leading sealing blade 15-2 and a foflowing sealing blade 15-1 are brought to the positions 
shown in the figure, fuel gas is accommodated with its maximum pressure condition within the engine combustion 
chamber substantially defined by the notch 1 7-1 . and at that lime firing or ignition is carried out by the ignition plug 23. 
Then, due to rotation of the rotor 12. burnt gas jets out in the direction shown by an arrow 39 and goes out from a Jet 
£5 stream ejection port 40. This jet stream is used as jet propulsion force. An increased number of rotation of the rotor 12 
can provide a substantially continuous jet stream. 

[0016] In FIG. 7. on the inner wall of the rotor housing 13, in addition to the first circular arc section (circular arc 1), 
a second circular arc section (circular arc 2) is provided which defines the engine combustion chamber together with 
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SUMMARY OF THE INVENTION 



chan*»risgrea.er«,ana™,i,„u„S;:;tSt^^ 



BRIEF DESCRIPTION OF THE DRAWINGS 
(0024] 



I ^f„^"^°" "'^ °* ^" «rt)Oclin«n» ol an «,verexpansion rotary engine according lo the irwention: 
F^. 2 Ban enlarged v.ewofaseairn9 WMe. an inletport. an exhaust portof no 
F©. 3 shov« an enlarged view of the sealing blades of the rotary engine according to the present irventJon 
nG.4.across.sect«.^ev.of another e„*odn,en.o,anc.ere^^ 

FIG.6sacross-sect.onv,evvofarotaryengineaccordngtoapriorartrote^^ 

FIG. 7 G a cross-section «,ew of a rotary jet engine acco«ling to a prior art rotary engine 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiment 1. 

'"^ ^ «»'erexpansion rotary engine of an embodiment of the invenOon FIG i sho»« the embodi 
mentoftheomexpan^on rotary er^inelSOOinacross-section view taKenalo^ 
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output rotary shaft 1510. A cofumn-Iike rotor 1512 is fixedly attached to the rotary shaft 1510. The rotor 151 2 is adapted 
to rotate around the axis of the rotary shaft 1510 together therewith m the direction shown by an arrow 15i l. Inside a 
rotor housing 1513. which may be provided with a large number of outside radiator fins 1514 for heat dissipatioa if 
desired. The rotor housing, which constructs the engine, may for example be an ellipse, or a combination of a circle and 
5 straight lines or other shapes. 

I0026J The output rotary shaft 1510 is rotatably supported through suitable airtight bearings (not shown), and the 
both side portions of the rotor 1512 contact inner side surfaces of the rotor housing 1513 in an airtight condition. As is 
sfiown. the rotor housing 1513 has an inner wall 1515 defining an internal engine compartmert within which the rotor 
1512 is rotated. The circumference of the rotor 1512. that is, the circumference face of the rotation locus of the rotor 
w 1512 abuts the inner wall 1515 In at least two places. The circular circumference of the rotor 1512 is indicated by a bro- 
ken circle around the rotor 1512. The overexpansion rotary engine 1500 has an inlet port 1529 where fuel mixture is 
inserted and an exhaust port 1521 where combustion gas is exhausted. 

10027] In FIG. 1. the rotor 1512 descrtoes the cylindrical rotation locus of radius R, and along its circumference, 
eight sealing Wades 1501-1508 are positioned equally spaced from each other These sealing blades are resiliently 

15 attached to the rotor 1 51 2, so that the respective sealing blades can be resiliently biased toward the inner wall surface 
of the rotor housing 1513. The sealing blades 150M508 are telescoping blades, and preferably have at least two tele- 
scoping segments. The blades can be spring loaded, although pressure systems or other systems could be used to 
urge the blades outward from the rotor and into contact with the inner wall 1 515. Preferably, the direction of the expan- 
sion or elongation and compression or shortening of each of the sealing blades is at an angle wrth respect to the radius 

20 of the rotor 1512. 

10028) During a revolution of the rotor 1512. the sealing blades 1501-1508 slide along the inner wall surface 1515 
wrth airtight engagement therewith, so that eight compartments are always formed. The compartments are formed in 
such v/ay that two adjacent sealing blades, together with portions of the rotor 1512 and the inner wall 1515. define an 
engine compartment. A larger or smaller number of blades can be used as desired. 
25 10029] FIG 2 schematically shows a perspective view of the sealing blade 1506 moving along the inner wall 1515. 
The sealing blade 1506 (partially shown) has passed the exhaust port 1521 and is approaching the inlet port 1529. 

[0030) Returning to FIG. 1. the rotor 1512 is provided wrth notches 154M 548. each of which extends in the axial 
direction of the rotor 1512 and has a cun^ed configuration. A spark plug 1553 is located in a blast guide hole 1550 as 
schematically illustrated in FIG. 1. The space defined by the blast guide hole 1550 and one of the notches 1541-1548 

30 which is presently posrtioned adjacent the blast guide hole 1 550 forms a combustion chamber 1 540. In FIG. 1 the notch 
1548 is posrtioned adjacent the Wast guide hole 1550. The blast guide hole 1550 is oriented substantially perpendicular 
to the burnt gas pressure-receiving surface 1551. 

[0031) tt is noted that the rotor housing 1513 sTightly deviates from rts symmetric shape adjacent the combustion 
chamber 1540. The center of the rotor 1512 Is displaced toward the blast guide hole 1550 from a center of the rotor 

35 housing 1513. The shape of the rotor housing 1513 allows a firm seafing of the combustton gas chamber 1540. 

[0032] Three dashed fines are drawn through the center of the rotor 1 512. but not through the center of the rotor 
housing 1513 in FIG. 1. The left and right dashed lines deviate by 22.5 degrees from the center line in case of eight 
searing blades. In the shown posrtion of the rotor 1512. the sealing blades 1502 and 1509 contact the inner wall 1515 
at the left and right dashed fines, respectively Adjacent to the combustion chamber 1540. the drcumference of the rotor 

40 1512 meets the inner wan 1515 at the contact points indicated by the dashed fines. 

(0033) Arearwall 1552 of the blast guide hole 1550 is schematically illustrated as being substantially perpendicular 
to a longrtudinal direction of the blast guide hole 1550. It is noted that the rear wafl 1552 may be formed with different 
shapes. For example, the rear wall 1552 may have a parabolic shape, and the spark plug 1553 may be positioned in 
the focus of the parabolic rear wall. 

45 [0034] The volume between two sealing blades forms a compression chamber 1530 when the trailing blade of the 
two moves past the inlet 1529. The volume behveen two seaHng blades just as the leading blade of the two reaches the 
exhaust 1521 forms an expansion chamber 1520. The overexpansion rotary engine 1500 has a feature of "overexpan- 
sion*. that is. the maximum volume of the expansion chamber 1520 is greater than the maximum volume of the com- 
pression chamber 1530. This is acconplished by forming the irvier wall 1515 with greater curvature by the expansion 
50 chamber 1520 than by the compression chamber 1530. The ratio between the respective maximum volumes of the 
expansion chamber 1520 and the compression chamber 1530 is greater than 1 : 1 . but if H is too high, there is not suf- 
f icient pressure to exhaust the combustion gas. 

f0035) FIG. 3 shows an enlarged view of the sealing blade body of the rotary engine according to the present inven- 
tion. In FIG. 3. the sealing blade body 1 508 is accommodated or contained within the first sealing Wade case 1538. and 
55 a spring means such as a coil spring 1535 is provided between the lower end of the sealing blade body 1508 and the 
bottom of the first sealing blade case 1538. A pluraWy of coil springs 1535 may be arranged at inten^als in the axial 
direction of the rotor 12. The first seafing Wade case 1538 is telescopically accommodated wrthin a second sealing 
blade case 1537. A coil spring 1534 is provided between the lower end of the first case 1538 and the bottom of the sec- 
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ond sealing blade case 1534. A plurality of coll springs 1534 may t>e arranged at intervals in the axial diiection ol the 
rotor 12. The second sealing blade case 1537 is accommodated within the opening 1536 of the rotor 12 through a 
spring 1533. A plurality of coil springs 1533 nnay be ranged at inten^als in the axial direction of the rotor 12 An airtight 
construction is provided belween the seafing blade body 1508 and the first sealing Wade case 1538. between the first 
sealing blade case 1538 and the second sealing blade case 1537 and between the second sealing blade case 1537 
and the opening 1536 of the rotor 12 in the well-known manner, lor example, by providing the grooves. Therefore the 
sealing Wade body 1508 is elastically pressurized toward the inner surface 1515 of the rotor housing 1513 in the longi- 
tudinal direction. The above is the same for other sealing blades. 

• Enrtbodimenl 2. 

[0036J Fia 4 schematically shows another embodiment of an overexpansion rotary jet engine 1700 The overex- 
pansion rotary jet engine 1700 has a rotor 1712 rotatably arranged on a rotor shaft 1710. The overexpansion rotary jet 
engine 1700 may be configured substantially similar to the rotary jel engfrie shown in FIG. 7. The rotary jet engine of 
Ihe present invention, however, has an expansion chamber smafler than the compression chamber, although the con- 
ventional rotary jel engine has no expansion chamber According to providing this expansion chamber smaller than the 
compression chamber, this rotary jet engine can obtain a rotary jet engine having a large jet propulston force 
[0037] In FIG. 4. the rotor 1712 rotates inside a rotor housing 1713. which has a blast guide hole 1750 including a 
sparkplug 1753 near a rear wall 1752. The shape of the rear waM 1752 may be parabolic, and the spark plug 1753 may 
be located at the focus ol the parabolic rear walL Theblasl guide hole 1750 is angled v«th respect to a radius of the 
rotor 1712. in order for the combustion forces to better exert driving force against the rotor 1712. 
[0038] The overexpansion rotary jet engine operates through consecutively drawing fuel mixture, compressing it 
and igniting, and by exhausting the combustion gas substantially as described earlier. After ignition, the combustion g^ 
ficws in the direction Indicated by arrow 1739. and exits though a jet stream Section port 1740 The overexpansion 
rotary jet engine 1 700 may be used to get the jet stream for providing a jet propulsion force. An exhaust port 1 721 may 
be provided through the rotor housing 1713 if necessary to obtain sufficient exhaustion of combustion gas. An inlet oort 
1729 IS provided through the rotor housing 1713. 

[0039) A compression chant)er 1730 is located on one side of the rotor 1712. On the expansion side 1720 more 
volume IS provided for expansion of the combustion gas than, for exanple. in the conventional rotary jet engine shown 
in FIG. 7. The rotor housing 1713 has been provided with a shape somewhat different from that shown In FIG 7 to pro- 
vide the extra volume adjacent to the jet stream ejection port 1 740. 

Principle of the present invention and calculation of the theoretical eff idency of the rotary engine 

[0040] An analytic discussion of the principles and advantages of overexpansion rotary engines will now be pro- 
v<jed In an overexpansion rotary engine, the expansion ratio is higher than the corrpression ratia Logical calculations 
clearly indicate that the energy effidency dramatically inaease by designing the expansion ratio to be higher ttian the 
conpression ratio 

[0041 J Before explaining the overexpansion rotary engine conventtonal Ottocyde and Garnot^yde are explained, 

1 Basic calculation of the temperature nicrease when combusting gasofine 

[0042] 

Gasoline heating value Hs 10.000 kcal/kg 
Combustible gas mixture arxf combustion gas 

k=Cp/Cv'*l-4 

Cp=0.24kcaM(g'»C 

Cv=0,172kcal/kg«>C 

R=29.3kgm/kg'»C 

10043) When gasoline isometrically bums by excess air ratio X « 1 .2. the terrperature increase AT is: 
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s wheretheairsupply L=X L^=1.2x I4.5=17.4kg^m^ 
2. Theoretical formula of the Otto cycle 

I0044J The Otto cycle is represented by the transitions l-*2-*3-»4-*l in FIG 5, which is a pressure^vohime (P • 
to V) diagrara Subscript indices (1, 2 .... etc.) denote the pants 1 . 2 .... etc indicated in FIG. 5. 

♦ Transition l->2: Adiabatic compression, c : compression ratio 

10045] 



T,nv^ 



• Transition 2->3: Isometric heating 
(0046) 



30 



where m refers to gas weight 

3$ 



• Transition 3-*4: Acfiabatic expansion 
40 [0047] 



45 



50 • Transition 4-* 1 : Isometric cooling 
[0048] 



I 2 



Qi-mCv(T3-T2) 



Tg^T^+AT 



Q2=mC^(T^-T,) 
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Work vi/ = 0,^2 . 



w 3.Canio»fideal)cyde 

[0049] The Carnot cycle is represented by the transitions 1-»2-»3^7_.i « no c ■. - 

1-*2-*3 are the same as ir. the Otto cycle. '«"»"ons i-»2-*3-*7-»l in Fia 5. It is noted that transilions 



•5 ♦ Transition 1->2^3: 
1005(1] 



♦ Transition 3-»7: Adiabatic expansion 



P3-aP2=P,ai:^ 
Q,=mC,(T3-T2) 



10051] 

P7=Pi=P3/^/=P,acV/=P,a(c/t,)'^ 

I0052J Therefore. a(c/c J**=1 

• Transition 7-* 1 ; Isobaric cooling 
[0053] 

P1=:P7 

Qp=">Cp(T,.T,) 
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T^ac -T^c c (a-1) 

4. Overexpansion cycle 

10 [0054J Theoretical calculation of the rotary engine of the present invention when the expansion ratio is larger than 
the compression ration is explained belowv. If the expansion ratio is higher than the compression ratio, it is able to obtain 
greater energy efficiency according to the theoretical calculation. While the idea of overexpansion has been considered, 
atterrpts to apply it to reciprocating engines have failed as being too impractical to implement On the other hand, the 
present rotary engine, in contrast, makes overexpansion easy to. TTie overexpansion cycle of the present invention is 

15 represented by the transitions 1->2-*3->S-> &->1 in FIG. 5 

• Transition 1->2->3: 

[0055] Transitions l-^2->3 are the same as that of the Otto cycle. 

20 

T2=T,c 

^5 Tg.aT^^T^ai:'*' 

P3=aP2=P,ac' 
Q,=mC^(T3-T2) 

• Transition 3-^5: Acfiabatic expansion (expansion ratio > compression ration c) 
10056] 

T3/T5=(T5/T3)^-^=c/'^ 

40 

• Transition 5->6: teometrtc cooling 
45 [00571 

P6=Pi 

Tg/r e«a 5/P e=P 5/P , =:a(c/c^) 

so . 

Te=T5/ae=(T5/a)(€,/c)' 
=T,(e/c,)'-'(c,/c)^T,{c,/c)''*^T,(c,/t) 

. 0,=mC,(T5.Te) 
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• Transition 6-* 1 : Isoteric cooling 

(0(68] 

Qp='nCp(T5-T,) 

EBiriPnry r^-^.9^.. ^'^ 5'^ sh'^ .(T ,) 
, (Ts T6)+k(Tg-T,) 

tvt; 

_^. ^T1°(E/e.)'''•T,(t/t^))■^k(T,(c^t^T,) 



, {a(c/i:.)'"'-(e/c)}^{(t,/t)1) 



v 5. An example of Otto cyde calculation 

f0059J (assuming T, = 300K [27*01 Pi = 1 kg/on^) 
^ 5. 1 In case of compression ratio c=8. expansion ration Ce=8: 
i) P1=1 kg/cm ^ = 300 K (27»C) 

T2=T,c ' =300x8°'* = 689K(416*»C) 

ni) T3 = T2 + 3200 = 3889K (3616»C) 
0 a = 13/12 =3889/689 =5.64 

P3 = aPj = 5.64x18.4 = 104kg/cm^ 

^) P4 = P 3/1^ = 104/8 5.66kg/cm^ 

T^^Tg/c""^ = 1692K(1420°q) 
^ . Efffciency r|=1-Vt '^^My8*^^=o!56 (56%) 

5.2 In case of conpression ratio c = 10. expanswn ration = 8; 



i) P ,»1 kg/cm ^. T, = 300 K (27*C) 
») P2 = P - 1 10 ' " = 25,1 kg/cni* 
Tj = 300 X 10°* :r 753K {480'C} 

ill) T3 = + 3200 = 3953k (3680*C) 
a =T3/T 2 = 3953/753 = 5.25 
P3 = aP2 = 5.25x25.1 = 132kg/cm^ 

P4 = PjA; *^ = 132^0 = 5.25kg/cm2 
T4 = Tg/c"*' = 1573K(1300»g 
Efficiency n=1-l/c*'*^M/lO°<,o.6(60%) 



if the compression ratio cTrCSSr^* 

the eiipansion ration c. is 10. eniaency oecomes 60%. when the conpression ratio c Is 10. and 



the eiipansion ration c, is 10. 
6. An exanple ol Carnot cycle calculation 
10061) 

6. 1 m case of compression ratio c = 8%. expansion ration t .=8: 
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The transilions 1 ->2->3 are the same as those of the Otto cycle. 

i) P, = 1 kg/cm^ 

T, =300K(27«»C) 
5 fi)P2 = P,c = 18.4kg/cm^ 

T J = T / = 300x8^"= 689K {416'^C) 

iii) Tg = 1^+ 3200 = 3889K (3616*0 

P3== 18-4x5.64 = 104 kg/cm^ 

vii) PysP, =1 kg/cm^ 
10 Ce=ea^*=8x5.64^''^=27.5 

T7=T ^a(c/c ^)*'*' =300x5.64(8^7.5) '*"'=1033K{760°C) 

V7=V ,c e/c=V ,>c27.5/8=3.4V^ 



Efficiency n = 1-1.4 ^^^tf^^'^>''''^ 0.68=68% 
8^^^x4.64 

6.2 In case oi compression ratio c = 10 expansion ration Co=8; Transitions 1-*2->3 are the same as that of the Otto 
po cycle; . 

I) P|=1 kg/cm^ 
T, =300K(27»C) 

ii) P2=:P,c'' = 25.1ka/cm^ 

25 T2=T,c =300x10 =753K (480^C) 

iii) T3 = T^ + 3200 = 3953K /3680*'C) 
P3 =5.25x52.1 = 132kg/cm^ 

vii) P7=Pj»1 kg/cm^ 
c, = ca''*=10x5.25'''^32,7 
30 Ij = T,a(c/E j'*"^ =300 X 5.15(10/32.7) ''*'=980K(707'C) 

V7=V,c^c=V, X 32.7/10= 3.3V T 



35 Efffciencyn = M.4 ^-^^<^^^^'^°'^"^ =0.70=»70% 

10 x4.25 

10062] When calculating the efficiency of the kfeal engine operating by Carnot cycle, the theoretical energy effi- 
ciency becomes 68% when compression ratio z is 8, and the expansion ration e « is 8 and no further higher efficiency 
40 can be obtained. The theoretical energy efficiency becomes 70% when compression iatk> e Is 10, and the expansion 
. ratk>n c ^ is 10. and no further higher effkHency can be obtained 

7. An exanple of Overexpansk}n cycle calculation 

45 [00631 

7.1 In case of compressran ratio c = 8, expansion ratk>n c © "13; The transitions 1-»2-»3 are the same as tfwse of 
the Otto cycle. 

so i) P,=l kg/cm^ . 

T,=: 300 K (27*^0 

ii) P 2= 18.4 kg/cm ^ 
T2=689K(416"C) 

iii) T3 = Tj. + 3200 = 3889K (3616»C) 
55 a = 3889/689 = 5.64 

P 3 = 5.64 X 1 8.4 = 1 04 kg/cm ^ 

iv) P^ = 104/8 ^ = 5.66kg/cm^ 
T ^=3889/8 s 1693K (1420'C) 
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V) = 104/13 = 2.87 kg/cm ^ 
T5 = 3899/13 ^ '*=1394K (112rC) 
vi)Pg=:P,=1 kg/cm^ 
P5/P6=2.87=a, 
6 ^^Tg/a e = 1394/2.87 =486K (213*0 

(139S-486k1 .4(486-300) 

3889-689 -063=63% 

75 In case of coirpression ratio e = 8. expansion ration c , = 20; The transitions 1^2^3 are the same as those of 
tne Ono cycle. 

0 P,=l kg/cm^ 

=300K(27<>C) 
o) P^ = 18.4kg/cm^ 
T2-689K(416''C) 
iri) T3 = + 3200 = 3889K {3616*C) 
a = 3889/689 = 5.S4 
P3=5.64xia4 = 104kg/cm^ 

iv) P4 = 104/8 = 5.66kg/cm^ 

= 3889/8°"* = 1693K (1420'C) 

v) P5= 104/20^* = 1.57 kg/cm^ 
15=3899/20 ° " = 1 1 73K(900**C) 

vi) Pg=P, = 1 kg/cm^ 
P5/P6= 1-56 = a, 

T'e '"Tj/a^ = 1 123/1.56:= 752K(479*»C) 



Efficiency ,.V^^''^f;^B-T,) 

(1 1 73-752)^1.4(752>300) 
3889-689 



compression ratio c = 10. expansion ration c , = 20; The transftions 1 ->2->3 are the same as those 
Of the Otto cycle. 



of the Otto cycle. 

i) P|=lkg/cm^ 

= 300 K (27*0 

ii) P2 = 25.1 kg/cm^ 

= 753K {480»O 
«0 T3 » Tg + 3200 = 3593K (3680*0 
a = 3953/753 = 5.25 
P3 = 5.25x25.1 « 132 kg/cm^ 

iv) P^ = 132/10 = 5.25kg/cm^ 
= 3953/10 ^''=1573K (ISOO'O 

v) P5= 132/20^'* = 1.99 kg/cm^ 
T5 = 3953/20®'* = 1193K (920*0 

vi) Pg=P, =1 kg/cm ^ 

= Tg/a, = 1 193/1.99 = 599K (326*0 
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E«iaencyi,=i-- ^ 6/ « g i/ 



I0064J The theoietical energy eHiciency of the present invention is obtained as 68% when compression ratio is 8 
and expansion ratio is 13. as about 67% when compression ratio is 8 and expansion ratio is 20. as about 68% when 
conpression ratio is 10 and expansion ratio is 20. and the exhaust pressure becomes about 1.99 atmosphere (aim) 
ro The theoretical energy efficiency of the conventional reciprocal engine is about 60% when corrpression ratio is 10 and 
expansion ratio is 10. Therefore, the energy efficiency of Ihe rotary engine of the present invention is expected to be 
higher by 8% than that of the reciprbcal engine. 

I0065J In other words, in this invention it is easy to manufacture a rotary engine having a higher expansion ratio than 
compression ratio. This means that it is easy to inaease the engine energy efficiency. 
»s 10066] It should be understood that aHhough preferred embodiments of this invention have been illustrated and 
described, various modHications thereof would become apparent to those skilled in the art For example although in 
the drawings a single mixture suction port was shown, a plurality of mixture suction ports may be proy^ided at intervals 
in the axial direction oi the rotor. Also, a pluraWy of combustion gas exhaust ports may be provided at intervals in the 
axial direction of the rotor. Further, in case where many sealing blades are used, it is possible to divide the engine corn- 
so pression. combusfion and combustion gas diffusion chambers by one or more airtight bulkheads arranged at intervals 
in the axial direction of the rotor to provide plural parallel engine arrangement. 

100671 As described above, the rotary engine of the present invention can be used as an engine of the car and ship 
Further, the rotary engine d the present invention can be used as a jet engine of the aircraft. 

25 Claims 



An overexpansion rotary engine including a rotor housing having an inner wall; a rotor rotatably mounted within the 
rotor housing, a plurality of sealing blades mounted writhin a sealing blade case in the rotor, each sealing blade elas- 
tically contacts to the inner wall ot Ihe rotor housing; an ignitor mounted in a blast guide hole in the rotor housing- 
a compression chamber termed between the two sealing blades after the two sealing blades move past an inlet port 
atong the rotation of the rotor; and an expansion chamber formed between two sealing blades after the two seaHng 
blades move past the igniter along Ihe rotation of the rotor. 

wherein a maximum volume of the expansion chamber is greater than a maximum volume of the coirwession 

chamber. ■ • ^ 

2. The overexpansion rotary engine of claiin 1, said rotor has a plurality of notches, each notch located between two 
adjacent sealing blades. 

3. The overexpansion rotary engine of claim 1 . said blast guide hole has a substanteOy parabolic rear wall 

4. The overexpansion rotary engine of claim 1. said each sealing blade comprises a seaBng Wade body and a plurality 
of sealing blade cases, and moves telescopicaDy along the Inner waH of the opening of the rotor. 

5. The overexpansion rola/y engine of claim 4. said sealing blades contact the inner waU of the rotor housing by spring 

45 d€ViC6S. 



30 



35 



40 



6. 



so 



An overexpansion rotary engine including a rotor housing having an inner wail: a rolor rotatably mounted witHn the 
rotor housing, a plurality of sealing blades mounted within a sealing Wade case in the rotor, each seeing blade elas- 
ticafly contacts to the mner wall of the rotor housing: an ignitor mounted in a Wast guide hole in the rotor housing- 
a ccmprGss-on chamber formed between the two sealing blades after the hw seaHng Wades move past an inlet port 
along the rotatron of the rotor; an expansion chamber formed between two sealing blades alter the two sealing 
blades move past the ignitor along ihe rotation of the rotor, and a jet stream ejection port formed in order to exhaust 
the combustion gas jet stream, wherein a maximum volume of the expansion chamber is greater than a maximum 
volume of the compression chamber. 

The overexpansion rotary jet engine of claim 6. further comprising an exhaust port in the rotary housing at the 
expansion chamber side. . . 
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